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Instructions : (1) All questions carry equal marks.
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(2) The symbols have their usual meaning.
(3) Figures to RHS shows marks.

Explain in brief “The Born-Oppenheimer Approximation” using suitable
Hamiltonian operator. Separate nuclear and electronic motion.

OR
Inter nuclear separation of CO molecule is 1.14 A. Find the energy separation and
frequency of CO-molecular absorption line occur for J = 0 — J = 1 transition.
[h=4.14 x 10715 eV. sec; N,= 6.023 x1023; M = 12; M, = 16]
Obtain equation of allowed energies for molecule as a harmonic oscillator in the
case of Vibrational spectra.

OR

Explain Molecule as a Vibrating rotator and obtain its equations of wave numbers
in R-branch and P-branch.

Write two discrepancies of Classical Raman Spectra. Explain Quantum Theory of
Pure Rotational Raman Spectra.

OR
Write a short note on “Mechanism of Phosphorescent Emission”.
Explain experimental arrangement to obtain Raman Spectra. What is the role of
Horn shape end of the Raman Tube ?

OR
Write Selection rules for the electronic transition in symmetry properties. Give
correct designation of the substate of 17.

What is density operator ? Using suitable matrix element of statistical operator
derive quantum analogue of Liouville’s theorem.

OR
For MB statistics if the particles are distinguishable write its partition function and
e e . Ne Pés
obtain its distribution function <ns> = 5 T
S
3 P.T.O.
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(b)

(b)

If a given system is in equilibrium, state and prove two conditions for statistical
equilibrium of this system.

OR

Using suitable equation, explain vibrational partition function in diatomic
molecule.

Define Dilation using suitable equation. Show that elastic strain components are
linear functions of the stress components.

OR

Write equation of motion of elastic waves in cubic crystal. Explain waves in [100]
direction using suitable equations.

Define Fermi Energy. Write a short note on “Effect of temperature on
Fermi-Dirac distribution”.

OR

Derive the equations of electrical resistivity and electrical conductivity using
Ohm’s law.

5. Give short answers of the following questions :

(1)

2)
€)

(4)
()

(6)

(7)
(8)

9)

Why are we not considering time dependent part of Schrodinger’s equation to
explain molecular spectra ?

If the system is harmonic oscillator, write its potential energy equation.

If energy of CO molecule is 7.61 x 1023 Joule, then what will be the energy of
the same in eV ?

What is “anharmonicity constant” ?

If strong beam of UV spectra illuminates a gas, small fraction of light scatters
having same frequency as incident then which spectral line is it ?

For quantum Raman spectra, the ratio between Anti-stokes line intensity to Stokes
line intensity is

H
Write a magnitude of electronic state of orbital angular momentum vector A.
Write an equation of Grand Partition function.

3
2mmkT), (V
( nhm2 )2 (ﬁ) = 6500, then the system is said to be degenerate or non-

degenerate ?

(10) What is p-space ?

(11) What is Crystal ?

(12) Define Bulk modulus.

(13) Show graphically, a propagation direction [110] of wave in cubic crystal.

(14) Write equation of Newton’s second law of motion in E and ﬁ field.
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